The ⑀4 allele of the apolipoprotein E gene (APOE) is associated with sporadic and familial late-onset Alzheimer's disease (AD). Oxidative stress is believed to play an important role in neuronal dysfunction and cell death in AD. We now provide evidence that in the hippocampus of AD, the level of thiobarbituric acid-reactive substances (TBARS) and the APOE genotype are linked. Within AD cases, the levels of TBARS were found to be higher among ⑀4 carriers while the apoE protein concentrations were lower. The relationship between the levels of TBARS and apoE proteins was corroborated by the results from the APOE-deficient mice, in which the levels of TBARS were higher than those in wild-type mice. Among AD cases, tissues from patients with the ⑀4 allele of APOE displayed lower activities of catalase and glutathione peroxidase and lower concentration of glutathione than tissues from patients homozygous for the ⑀3 allele of APOE. Together these data demonstrate that, in AD, the ⑀4 allele of APOE is associated with higher oxidative insults.
INTRODUCTION
There is growing evidence that age-related oxidative damage might be involved in neurochemical alterations observed in the brains of Alzheimer's disease (AD) patients. The levels of lipid oxidation (LPO) products and protein carbonyl formation have been shown to be elevated in the tissue from AD brain (Lovell et al., 1995; Sayre et al., 1997 , Smith et al., 1994 Subbarao et al., 1990) . Furthermore, the systems that detoxify reactive oxygen species, including enzymatic antioxidants such as glutathione peroxidase (GSH-PX), catalase, or superoxide dismutase (SOD), are increased in the hippocampus of AD (Balazs & Leon, 1994; Lovell et al., 1995) . Some in vitro studies have observed that ␤-amyloid aggregated peptide, a characteristic feature of AD, is toxic to neurons in culture likely through generation of free radicals and by induction of lipid oxidation (Behl et al., 1994; Harris et al., 1995; Hensley et al., 1994; Manelli & Puttfarcken, 1995) . Moreover, the markers of oxidative stress such as advanced glycation end products (Smith et al., 1994; Yan et al., 1994 ), protein carbonyls (Smith et al., 1996 , nitrotyrosine (e.g., peroxynitrite) (Good et al., 1996) , and malondialdehyde (Yan et al., 1994) are clearly associated with neurofibrillary tangles and senile plaques in AD patients (Vitek et al., 1994) .
Several independent research groups have demon-
